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The clinical features, diagnostic studies and surgical
treatment of a subvalvular mitral aneurysm of the left
ventricle are described. The infant presented at 9 weeks
of age with large apical ventricular septal defects and
The term "anular subvalvular left ventricular aneurysm"
was first used in 1962 by Abrahams et al. (1), who reported
12 cases of left ventricular aneurysm which arose in the
fibrous rings below either the aortic or the mitral valve and
extended around the valves. There have been subsequent
reports of these aneurysms, primarily in Nigerian and South
African Bantu patients (2-4), although it has been reported
in North American black (5) and white (6,7) patients as
well. Until recently, diagnostic methods have consisted of
history and physical examination, electrocardiogram, chest
X-ray film, fluoroscopy, angiography and pathologic find-
ings. We describe a 9 week old infant in whom echocardi-
ography played a major role in diagnosing a submitral left
ventricular aneurysm. Surgical treatment of the aneurysm
and closure of multiple apical ventricular septal defects were
undertaken.
Case Presentation
The patient, a white male infant who was the product of
a 43 week gestation period, was noted to have a heart mur-
mur in the newborn period and soon thereafter developed
tachypnea and hepatomegaly. Cardiac catheterization at 2
weeks of age was interpreted to show a left ventricular to
right atrial shunt, and further investigation including echo-
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pulmonary hypertension. The subvalvular aneurysm was
an incidental finding. Both lesionswere treated surgically.
(J Am Coil CardioI1985;5:765-9)
cardiography suggested the presence of an atrioventricular
canal defect. Digoxin and furosemide were given to aid the
treatment of cardiac failure. He was referred to the Uni-
versity of California, San Francisco at 9 weeks of age.
Physical findings. The patient's parents reported his easy
tiring and sweating with feedings. His weight gain was poor.
Physical examination showed an infant weighing 11 pounds
9 ounces (4,953 g). Heart rate was 130 beats/min, respiration
was 72/min and blood pressure was 120170 mm Hg in the
right arm. The liver was palpated 4 em below the right
costal margin. There was no cyanosis, digital clubbing or
edema. Pulses were brisk and equal in all limbs. The first
heart sound was normal. The second heart sound was nar-
rowly split with a markedly accentuated pulmonary com-
ponent. There was a grade 2/6 holosystolic murmur heard
best at the lower left sternal border. There was a grade 2/6
mid-diastolic murmur at the apex. The clinical findings were
those of a ventricular septal defect with pulmonary
hypertension.
An electrocardiogram showed a QRS axis of - 30°, left
and right ventricular hypertrophy and nonspecific ST-T wave
abnormalities. Right ventricular conduction delay was pres-
ent. The chest X-ray film showed cardiomegaly and in-
creased pulmonary vascular markings compatible with left
to right shunt.
Echocardiographic findings. An echocardiogram showed
biventricular and right atrial enlargement. The ventricular
contraction was slightly depressed. There was a saccular
polylobar structure within the right atrium, which was thought
to represent an aneurysm of the atrioventricular septum (Fig.
1). The neck of this aneurysm arose close to the medial
portion of the mitral valve and communicated only with the
left ventricle. A venous contrast echocardiogram showed
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Figure1. Apical four chamber view of thetwo-dimensional echo-
cardiogram demonstrating the aneurysm (An) occupying the right
atrium (RA). Theasterisksindicate theneck oftheaneurysm from
the left ventricle (LV) . Theaneurysm has a bilobar appearance. I
= inferior; L = left; LA = left atrium; R = right; RV = right
ventricle; S = superior.
that the polylobar saccular structure lying within the right
atrium was not in communication with the right atrium (Fig.
2). A large apical ventricular septal defect with a small
second defect was imaged by two-dimensional echocardi-
ography. The finding of these defects suggested that there
were multiple apical ventricular defects. Venous contrast
echocardiography showed a right to left ventricular shunt
through an apical muscular ventricular septal defect (Fig.
3). The aneurysm only filled after the left ventricle became
opacified. M-mode echocardiography revealed evidence of
left ventricular volume overload and signs of pulmonary
hypertension. The clinical impression was that of multiple
apical ventricular septal defect with pulmonary hypertension
and associated subvalvular mitral ventricular aneurysm pro-
lapsing through the atrioventricular septum into the right
atrium.
Cardiac catheterization. The procedure was performed
within 24 hoursof admission. The hemodynamic data showed
systemic systolic pressures in the right ventricle and pul-
monary artery, a pulmonary to systemic flow ratio of 3:I
and pulmonary vascular resistance of 4.8 units. A left ven-
tricular angiogram showed an enlarged, smooth-walled pos-
terior left ventricle of normal contractility with a normal
competent mitral valve and a large apical ventricular septal
defect. The aneurysm arose from the left ventricular inflow
area adjacent to the mitral valve and contracted paradoxi-
Figure 2. Subcostal (SubC.) coronal views of the two-dimen-
sional echocardiogram. Top, Thebilobed aneurysm (A) occupying
the right atrium (RA). The left ventricle (LV), aorta (Ao), main
pulmonary artery (MPA) and right (R) and left (L) pulmonary
arteries are shown. Bottom, A peripheral injection of saline so-
lution hasopacified theright atrium, buttheaneurysm insilhouette
remains free of contrast material. Other abbreviations as in Fig-
ure I.
cally to the rest of the ventricle when filled with contrast
material (Fig. 4). There was no mitral insufficiency or evi-
dence of an atrioventricular canal defect. A right atrial an-
giogram showed a large aneurysmal dilation of the left ven-
tricular inflow areaimpinging extensively intotherightatrium.
Surgical treatment. At surgery, an apical ventriculot-
omy was made in the right ventricle, and two apical ven-
tricular septal defects were identified and closed with Teflon
patches. A solid mass was palpable in the central portion
of the right atrium, and this mass pulsated with ventricular
systole. The right atrium was opened with a long oblique
incision, and a large multilobed mass protruding into the
right atrium was then opened longitudinally (Fig. 5). The
wall was thick and fibrous and communicated with the left
ventricle at the neck, which was approximately 1.5 x 1
ern. A counterincision was then made in the left atrium,
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Figure 3. Posteriorly angled apical four chamber view of the two-
dimensional echocardiogram demonstrating a series of venous con-
trast echocardiograms. Top, A large apical ventricular septal defect
(VSD). Middle, Contrast material has filled the right heart struc-
tures. Bottom, The right to left shunting of the saline contrast
solution into the left ventricle crosses the ventricular septal defect.
Abbreviations as in Figure I.
and the mitral orifice and mitral valve appeared normal .
Interrupted sutures were placed around the orifice of this
fibrous defect and a Teflon patch was tied in place. The
aneurysm was thinned to reduce its bulk and then oversewn
Figure 4. Left ventricular (LV) angiogram showing filling of the
aneurysm (An) from the left ventricle. The arrows indicate the
multilobed character of the aneurysm. Ao = aorta.
on the right atrial side. The patient had an uneventful post-
operative recovery .
Follow-up. An echocardiogram done 3 days after op-
eration showed a residual apical ventricular septal defect,
with right to left shunting by contrast echocardiography.
Figure 5. Surgical view through the opened right atrium showing
the bilobed aneurysm (An) located adjacent to the atrial septum
and above the tricuspid valve orifice (TV).
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The right atrial mass had been effectively excised, and the
atrioventricular septum appeared normal with the mitral valve
anulus abutting the septum. The patient underwent repeat
cardiac catheterization at 8 months of age to evaluate the
signs of persistant shunting. The catheterization data showed
systolic pressure in the right ventricle and pulmonary artery
to be half the systemic pressure, a pulmonary to systemic
flow ratio of 2:1 and pulmonary vascular resistance of 4
units. Data also suggested a residual apical ventricular septal
defect with moderate left to right shunt, moderate pulmonary
hypertension and mild mitral insufficiency. There was no
residual left ventricular aneurysm.
Discussion
Submitral left ventricular aneurysm is an uncommon
anomaly. Most reported cases are in black African patients,
and there are very few reports from white patients in the
United States. The aneurysm occurs just below the mitral
valve and extends around and into the substance of the
fibrous anulus of the valve (1). Commonly, the aneurysm
is single, but they may be multiple also. It usually has
multiple orifices, but in our patient there was only one orifice
although the aneurysm was multilobular. Some aneurysms
have been described as compressing the left atrium (I).
However, in our case, the aneurysm eroded through the
fibrous atrioventricular septum and occupied the right atrium.
Compression of the left coronary artery may also occur,
which can lead to myocardial ischemia or infarction (2).
Etiology. The etiology of these aneurysms is unknown.
This type of aneurysm is clearly not related to coronary
artery disease, malaria, bacterial endocarditis, syphilis, tu-
berculosis, mycotic infection, trauma, Loeffler's parietal
endocarditis, anomalous origin of a coronary artery from
the pulmonary trunk, polyarteritis, tumors or cysts (1,3,7).
Abrahams et al. (1) speculated that a congenital defect or
weakness of the ventricular wall in the region of the atrio-
ventricular groove resulted in formation of an aneurysm.
The pressure of the left ventricle then causes a herniation
of the endocardium in that region, forming one or more
ostia connecting with the ventricle. The overwhelming black
racial predominance of this lesion has also led to specula-
tions of a genetic origin. To our knowledge, our patient at
9 weeks of age represents the youngest report of surgical
repair of a submitral left ventricular aneurysm. His young
age and absence of other etiologic factors strongly support
the congenital nature of this lesion.
Hemodynamic consequences. The hemodynamic con-
sequences of these aneurysms include mitral regurgitation
as a result of 1) dilation or distortion of the anulus produced
by the aneurysm, or 2) failure of leaflet apposition caused
by ballooning of the posterior leaflet (4). In our patient,
mild mitral insufficiency did not become evident until after
surgery. The diastolic load on the left ventricle may be
further increased by the blood from the aneurysm emptying
into the left ventricle, resulting in hypertrophy and conges-
tive heart failure. Thrombus formation and systemic emboli
have also been reported as a result of left ventricular an-
eurysm (3,8).
Histology. Histologically, the aneurysms showed marked
endocardial thickening with a layer of dense collagen su-
perimposed on the elastic layer of the endocardium. Cal-
cification is not uncommon, particularly in older patients
(8).
Clinical findings. The clinical presentation varies con-
siderably. Reasons for cardiac consultation include conges-
tive heart failure (1), hemiplegia (1,3,9), chest pain (2,6),
heart murmur (7) and abnormal cardiac contour or calcifi-
cation in an asymptomatic patient (8). In some instances,
the lesion has been undiagnosed, and indeed unsuspected,
during life (1,4). There are no diagnostic auscultatory signs.
Systolic and diastolic murmurs and diastolic gallop sounds
are frequently present (6). The presence of a nonejection
systolic click or late systolic murmur of mild mitral regur-
gitation has been described (4). In our patient, there were
no signs or symptoms related to the aneurysm and the phys-
ical findings were those of a ventricular septal defect with
pulmonary hypertension.
Electrocardiographic findings. The electrocardiogram
usually shows nonspecific ST-T wave changes, often with
signs of myocardial ischemia or infarction. Other abnor-
malities include left ventricular hypertrophy, low voltage,
conduction disturbances and arrhythmias (4).
Radiographic findings. Cockshott et al. (8), reviewed
the radiologic features of 46 patients with anular subvalvular
left ventricular aneurysm. The cardiothoracic ratio was in-
creased in all but one case. The shape of the heart was
characteristic in more than two-thirds of the patients due to
a bulge that was present somewhere on the left heart border.
Myocardial calcification was detected in approximately one-
quarter of the patients and was more frequent in those with-
out symptoms at the time of presentation. Oblique views or
a penetrated anterior view often helped delineate the an-
eurysm. However, it was evident from angiography that
intracardiac extension of an aneurysm could so displace
cardiac chambers that from conventional frontal, lateral and
oblique views it was frequently impossible to detect the
aneurysm. Such was the case in our patient, whose only
abnormalities were cardiomegaly with increased pulmonary
vascular markings. Fluoroscopy may demonstrate systolic
expansion of the bulge on the left cardiac border, although
this was demonstrated in fewer than one-quarter of the pa-
tients described by Cockshott et al. (8).
Echocardiographic findings. M-mode echocardiog-
raphy may suggest the diagnosis (10), but two-dimensional
echocardiography offers the potential to make this diagnosis
noninvasively while the patient is alive and to find associated
defects. Detection of the aneurysm would depend on what
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position it occupies. The erosion through to the right side
of the heart is unusual. Under such circumstances, contrast
echocardiography may be extremely helpful in outlining the
aneurysm in silhouette, as it was in this case.
Before the development of two-dimensional techniques
such as echocardiography, computed tomography and nu-
clear magnetic resonance imaging, the procedure of choice
in investigating these aneurysms had been left ventricular
angiography. With a left ventricular injection, the aneurysm
is delineatedand remains opacified after the ventricularcav-
ity has emptied of contrast material. Left ventricular angi-
ography also demonstrates any incompetence of the mitral
valve. If the coronary arteries cannot be visualized well on
the left ventricular angiogram, an ascending aorta angio-
gram should be performed. Left or right atrial angiography,
or both, may be useful in demonstrating the intracardiac
extension and compression of the aneurysm.
Surgical treatment. Operative repair of the aneurysm
seems to be the most appropriate management (7). The risks
associated with medical management alone includeconges-
tive heart failure, thromboembolic phenomena, acute coro-
nary insufficiency and the risk of rupture ( 11). When Abra-
hams et al. (1) presented their series in 1962, they believed
that surgery offered the only rational treatment. However,
cardiopulmonary bypass was not available at that time. With
the recent advances made in cardiopulmonary bypass, par-
ticularly in small infants (10), the morbidity and mortality
associated with the surgi cal repair of this lesion should be
minimal. To our knowledge, this paperrepresents theyoungest
reported patient with this anomaly and the first time echo-
cardiography was successfully used in diagnosing this lesion.
References
1. Abrahams DG, Barton Cl , Cockshott WP, Edington GM, Weaver
ElM . Annular subvalvular left ventricular aneurysms. Q 1 Med
1962;31:345- 67.
2. Chesler E, loffe N, Scharnroth L, Meyers A. Annular subvalvular left
ventricular aneurysms in the South African Bantu: Circulation
)965;32:43-51.
3. Chesler E, Tucker RBK, Barlow JB. Subvalvar and apical left ven-
tricular aneurysms in the Bantu as a source of systemic emboli . Cir-
culation 1967;35:1156-62.
4. Kanarek KS, Bloom KR, Lakier JB, Pocock WA, Barlow lB. Clinical
aspects of submitral left ventricular aneurysms. S Afr Med 1
1973;247: 1225-9.
5. Folger GM, Stanton PE. Annular subvalvular left ventricular aneurysm
in a North American infant. Am Heart 1 1971;81:392- 7.
6 . Pocock WA, Cockshott WP, Ball PIS , Steiner RE. Left ventricular
aneurysms of uncertain aetiology. Br Heart J 1965;27:184-92.
7 . Waldhausen lA , Petry EL, Kurlander Gl . Successful repair of sub-
valvular annular aneurysm of the left ventricle . N Eng1 J Med
1966;275:984-7.
8. Cockshott WP, Antia A, Ikeme A, Uzodike YO. Annular subvalvar
left ventricular aneurysms. Br 1 Radiol 1967;40:424-35.
9 . Singh A, Katkov H, ZavoraI IH , Shashikant MS, Mcleod 10. Con-
genital aneurysms of the left ventricle . Am Heart 1 1980;99:25-32.
10. Sugimura S, Starr A. Cardiopulmonary bypass in infants under four
months of age. 1 Thorac Cardiovasc Surg 1977;73:894-9.
II. Thadani U, Lynn RB, Parker 10 . Submitral annular left ventricular
aneurysm- unusual echocardiographic and angiographic features. Cathet
Cardiovasc Diagn 1978;4:163-74.
